tendon and plantar fascia in a consecutive manner also resulted in positive outcomes. 22 Considering that the Achilles tendon and the plantar fascia are connected along the myofascial meridian of the superficial back line, 13 it is therefore plausible that stretching of these 2 structures simultaneously will result in greater pain relief and lower foot and ankle disability. The objectives of this study were therefore to investigate the effects of simultaneous stretching of the Achilles tendon and plantar fascia as well as to compare the effects of this simultaneous stretching with the stretching of the Achilles tendon by itself in patients with plantar fasciitis.
Methods
This study was performed from March 2016 to April 2017. A total of 50 patients with unilateral plantar fasciitis between the ages of 40 and 60 years at a local physical therapy clinic participated in this study. Patients were recruited by convenience sampling. To be eligible for inclusion, the participants were required to have experienced plantar heel pain for at least 1 month, have tenderness on palpation of the medial plantar calcaneal region, and have pain on the first step in the morning greater than or equal to 4 out of 10 on an 11-point Numeric Pain Rating Scale (NPRS), and this pain had to decrease with movement such as walking. 9, 10, 12, 14 Participants were excluded if they had any of the following conditions: precautions to manual therapy (ie, tumor, rheumatoid arthritis, osteoporosis, severe vascular disease, etc), diabetes mellitus, a history of fracture of the lower extremities, prior surgery to the plantar fascia or lower extremities, prior corticosteroid injections, neural problems in lower extremities with a positive Tinel's sign or paresthesia, any conditions that could be referring pain to the heel, and pregnancy. A physical therapist conducted a screening examination for the above-mentioned conditions. Any individuals who did not intend to refrain from use of other treatments or medications during the study period were also excluded. Prior to taking part in this study, written consent was obtained from all participants in accordance with approval from the Ethics Review Committee of the university.
The sample size for this study was calculated for 2 primary outcomes: average pain change over the past 24 hours and the pressure pain threshold. The calculations were based on detecting a pain difference between groups of 15 mm with a standard deviation of 17.5 mm on a 0-to 100-mm visual analog scale (VAS). 22 The expected betweengroup difference for the pressure pain threshold at the calcaneal region was 1.2 kg/cm 2 with a standard deviation of 1.3 kg/cm 2 . 22 Configuration error was set at α = 0.05 with a power of 0.80. These parameters generated a sample size of at least 24 participants per group for testing the average pain change over the past 24 hours and at least 19 participants per group for testing the pressure pain threshold.
Consequently, this study required at least 24 participants per group. Table 1 summarizes the characteristics of the participants in each group. No significant differences between groups in demographic details and pretreatment data were found (P > .05).
Outcome Measures
Pain intensity. Two pain variables were measured: pain at first step in the morning and average pain at the medial plantar calcaneal region over the past 24 hours. The former was measured using the 11-point NPRS. The latter was measured using the VAS for pain. It is a 10-cm line of which 0 represents no pain and 10 represents the worst pain imaginable.
Pressure pain threshold. Pressure pain threshold was measured with a pressure algometer (JTECH Medical, Midvale, UT) with the surface area of the round tip of 1 cm 2 . The instrument was found to be highly reliable with a Cronbach's α of 0.94 to 0.98. 18 The algometer probe tip was applied gradually perpendicularly over the tender point of the plantar fascia at the medial plantar calcaneal region. Participants were instructed to report when the pressure changed to pain, and the readings of the algometer were registered. The mean of 3 trials with 10 seconds between each trial was calculated and used for analysis. In this study, the tender point was defined as the point where the participants were unable to tolerate a pressure of more than 3 kg/ cm 2 or where the pressure threshold was at least 2 kg/cm 2 lower than the asymptomatic side.
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Ankle range of motion. Passive ankle dorsiflexion and plantarflexion were measured when the participants were lying supine with the knees extended. A universal goniometer was aligned with a pivot point over the lateral malleolus, a stationary arm parallel to the fibula, and a movable arm parallel to the fifth metatarsal. 21 The mean of 3 trials in each direction was used for analysis.
Foot and ankle disability. Foot and ankle disability was assessed by the Thai version of the VAS-foot and ankle (FA) questionnaire. 1 It consists of 20 items of 3 different question categories (4 relating to pain, 11 to functional limitation, and 5 to other complaints). Each item was scored 0 to 100 points, where 0 represents the most severe disability and 100 represents no disability. The highest possible total score was divided by 20 so the final score ranged from 0 to 100 points. The lower the score, the higher the foot and ankle disability. The VAS-FA has been shown to be highly reliable with an intraclass correlation coefficient of 0.995 and Cronbach's α of 0.995. 1 Although, the VAS-FA has not been validated in patients with plantar fasciitis, the score demonstrated moderate correlations with physical functioning, role physical, bodily pain domains, and total score of the Short Form 36 health survey questionnaire (P < 0.001 and r > 0.5) in patients with foot-and ankle-related problems. 1 Global perceived effect. Clinical success in the participants' perspective was examined by the Global Perceived Effect questionnaire. This single-item questionnaire asked participants to rank their perceived change after a 4-week intervention. It consisted of a 7-point scale ranging from 1 to 7 (1 = completely recovered, 2 = much improved, 3 = slightly improved, 4 = no change, 5 = slightly worsened, 6 = much worsened, and 7 = worse than ever). 16 This measure has not been validated in a plantar fasciitis population but has been shown to provide a valid measure for determining the effect of an intervention in several musculoskeletal disorders. 6, 7 Medication or other treatment questionnaire. Participants were asked whether they had received any medication or other treatments during the 4-week intervention. They were required to write the name, amount, and frequency of medication or types of treatment received.
Procedure
Using a computer-generated randomized table of numbers, the qualified participants were randomly assigned into 2 groups. Group 1 was instructed to stretch the Achilles tendon by placing the symptomatic foot furthest away from the wall ( Figure 1 ). The second toe and the calcaneus were aligned in the sagittal plane. Participants were instructed to lean forward toward the wall while keeping the symptomatic heel on the floor and the knee straight until they felt a stretch in their calf and the Achilles tendon area. Group 2 simultaneously stretched the Achilles tendon and plantar fascia by standing on a specially developed stretching instrument ( Figure 2 ). 20 The device consisted of 2 wooden bases covered with a Bene-feet mat (Ledraplastic, Osoppo, Italy), which was composed of many long flexible spikes with the shorter spikes located at the front and the back and the taller ones in the middle. This aimed to push the plantar fascia upward and stretch the plantar fascia. However, the device has not had any basic science studies examining its effectiveness in stretching the plantar fascia. Each wooden base was equipped with a goniometer and a motor that could move the base up and down independently for each foot. The speed of movement was set at 0.8 to 1.3 degrees per second to provide a gentle stretch to the Achilles tendon and the plantar fascia with minimal risk of injury.
The stretching for both groups was 5 sets of a 20-second stretch and a 20-second rest. The stretch was performed twice a day for 5 days per week for 4 consecutive weeks. All participants were required to record their exercise in an exercise log, which was collected at the end of the 4-week intervention.
Two researchers were involved in this study. One researcher instructed participants on how to perform the stretching. Prior to the intervention, the other researcher, who was blinded to the participants' group, collected the pretreatment data of pain intensity at first step in the morning, average pain at the medial plantar calcaneal region over the past 24 hours, pressure pain threshold, ankle range of motion, and foot and ankle disability. At the end of the 4-week intervention, the same outcome measures as the pretreatment data and the global perceived effect were recorded as the posttreatment data. Any received medications and other treatments that might have been taken throughout the intervention period were documented. Finally, all participants were scheduled to return to the physical therapy clinic for a 3-month follow-up. This was to assess the prolonged effects of both interventions on average pain at the medial plantar calcaneal region over the past 24 hours and foot and ankle disability.
Statistical Analysis
SPSS version 17 (SPSS, Inc, an IBM Company, Chicago, IL) was used for statistical analysis. A total of 7 dependent variables were analyzed: pain at first step in the morning, average pain at the medial plantar calcaneal region over the past 24 hours, pressure pain threshold, ankle dorsiflexion range of motion, ankle plantarflexion range of motion, foot and ankle disability, and global perceived effect. Means and standard deviations (SDs) were calculated. Separate 2-way repeated-measures analyses of variance (ANOVAs) were performed to investigate the effects of treatment intervention (group 1 and group 2) and time (pretreatment and posttreatment) for all dependent variables except the global perceived effect. Post hoc pairwise comparisons were adjusted for multiple comparisons using Bonferroni's procedure. Differences were considered statistically significant when P < .05.
Results
Most participants showed high degrees of adherence to both interventions. Of the 20 possible sessions, participants in group 1 attended a mean (SD) of 16.7 (1.8) sessions on average while participants in group 2 attended 16.6 (1.7) sessions. After 4 weeks of the interventions, the results of the 2-way ANOVAs showed a significant interaction effect between group and time in only 1 variable: pressure pain threshold (P = .003), as shown in Table 2 . Post hoc analysis revealed that the pressure pain threshold increased significantly at posttreatment in both groups (P < .001). The mean (SD) pressure pain thresholds at 4 weeks for group 1 and group 2 were 4.3 (1.9) kg/cm 2 and 5.6 (2.4) kg/cm 2 , respectively. With post hoc analysis, the intervention in group 2 resulted in a significantly greater pressure pain threshold at posttreatment than the intervention in group 1 (P = .040) with the mean difference of 1.3 kg/cm 2 . No significant differences between groups were demonstrated in other variables (P > .05). Regarding within-group comparisons, both interventions resulted in reductions in pain at first step in the morning and average pain at the medial plantar calcaneal region over the past 24 hours, while there were increases in pressure pain threshold, VAS-FA score, and range of motion in ankle dorsiflexion (P < .001). At 3-month follow-up, all participants returned to the physical therapy clinic. It was noted that the average pain at the medial plantar calcaneal region over the past 24 hours and VAS-FA score of both groups changed slightly in comparison to those at 4 weeks (Table 3) . Subjectively, most of the participants did not seek any additional treatment for their symptoms at 3-month follow-up. Because of the statistically nonsignificant differences in average pain at the medial plantar calcaneal region over the past 24 hours between groups, retrospective statistical power analysis was conducted. The pooled standard deviations of the average pain at the medial plantar calcaneal region over the past 24 hours at 4-week and 3-month follow-ups were 0.55 cm and 0.40 cm, respectively ( Table 3) . As a result, the minimum number needed to detect the pain difference of 1.5 cm on a 0-to 10-cm VAS between groups with a power of 95% would be 4 participants in each group. This suggests that the statistically nonsignificant differences between groups found in the current study can be confidently accepted.
All participants in both groups reported that their symptoms had improved after 4 weeks of intervention. More participants in group 2 (96%) described their symptoms as being much improved to being completely improved than those in group 1 (76%) ( Table 4) . Only 1 participant in group 1 reported the use of medication at the fourth week of the intervention for general muscle soreness, and this was due to extraordinarily hard work that week.
Discussion
The results of this study suggest that simultaneous stretching of the Achilles and plantar fascia might improve pain relief within this short follow-up time period (4 weeks). The simultaneous stretching of the Achilles tendon and plantar fascia showed significantly greater reduction in pressure pain threshold. A better global perceived effect was also described among participants who received the simultaneous stretching intervention. The effects of both interventions on the average pain at the medial plantar calcaneal region over the past 24 hours and VAS-FA score at 4 weeks after the interventions tended to change slightly at 3-month follow-up.
To the best of the researchers' knowledge, this is the first study on the effect of the simultaneous stretching of the Achilles tendon and plantar fascia. Direct comparison with previous studies is therefore inappropriate. However, comparison with studies that used similar stretching interventions for the Achilles tendon reveals that the present study resulted in better outcomes between pretreatment and posttreatment variables. In this study, the mean reduction of pain at first step in the morning was 3.4 points, and the mean increase in pressure pain threshold was 1.8 kg/cm 2 . In contrast, the previous studies reported the mean reduction of pain at first step in the morning and the mean increase in pressure pain threshold of 1.3 points 4 and 0.3 kg/cm 2 , 22 respectively. These discrepancies might be due to the differences in the participants' characteristics. The greater chronicity of the symptoms of longer than 4 months in the previous studies might cause the tissue to be stiffer and more difficult to stretch.
The magnitude of the mean within-group changes in pain intensity and pressure pain threshold between pretreatment and posttreatment values for both stretching interventions in this study is noteworthy. The changes were clinically relevant as they were larger than the minimum clinically important change documented by previous studies. The pain reductions of 2.5 to 4.0 points were more than the 2-point minimum clinically important change for pain. 5, 15 The increases in pressure pain threshold of 1.8 to 3.5 kg/ cm 2 were greater than the smallest difference for the change in pressure pain threshold at the heel of 1.6 kg/cm 2 . 24 These results therefore suggest that the effects of the interventions used in this study were clinically relevant.
In general, it is noted that the mean changes between pretreatment and posttreatment for most of the variables in the simultaneous stretching intervention were greater than the stretching of the Achilles tendon intervention ( Table 2 ). The reasons for the greater pain-relieving effect of the simultaneous stretching intervention could be that higher tension was generated within the Achilles tendon and plantar fascia. With greater tension, greater flexibility and range of motion are expected. As it has been found that the tissue being stretched develops greater stretch tolerance, 8 this might then allow the tissue to move with less pain. In the current study, greater pain reductions were observed both for pain at first step in the morning and average pain at the medial plantar calcaneal region over the past 24 hours. This hypoalgesic effect of the stretching therefore helped to increase the pressure pain threshold. Consequently, foot and ankle disability was improved.
Interestingly, the good results found in this study were obtained with a protocol that required the participants to perform the stretching program 5 days per week and not a daily program as in previous studies. 4, 19, 22 These findings support the guidelines generally recommended that the stretch should be performed at least 2 to 3 days per week by holding the stretch for 15 to 30 seconds and repeating 2 to 4 times. 17 The total stretching time of the current study was 200 seconds per day, which was therefore deemed sufficient for improving tissue flexibility. The increase in the ankle range of motion in plantarflexion was unexpected. Since the stretching occurred in the posterior structures, the increase in range of motion should occur only in the direction of dorsiflexion. The mean increases in ankle dorsiflexion of 3.4 to 3.6 degrees in this study coincided with the mean increase of approximately 2 degrees in ankle dorsiflexion reported by a previous study that performed an intermittent Achilles tendon stretching for 4 weeks. 19 However, these results should be interpreted with care. Due to the mean change of less than 5 degrees being considered a measurement error, 23 the changes would have no clinical significance.
In this study, participants who reported complete recovery from their symptoms at the end of the 4-week intervention in the simultaneous stretching group (56%) were double that of the stretching of the Achilles tendon group (28%). These outcomes indicate that the simultaneous stretching of the Achilles tendon and plantar fascia is superior to the stretching of the Achilles tendon.
The results of the current study should be interpreted with consideration of some potential limitations. First, this study investigated the effects of the stretching interventions for 4 weeks. Studies examining the effects of these stretching interventions over a longer duration are required. Second, the participants included in this study had plantar fasciitis for at least 1 month. Different changes in the patients' outcomes might be obtained from the participants with longer pain duration. Third, the participants were deemed to have minimal foot and ankle disability such that their mean VAS-FA scores were greater than 80. The effects of the stretching interventions used in the present study in individuals with higher levels of foot and ankle disability are unknown. Fourth, this study measured the ankle dorsiflexion only with the knees extended, which represented mainly the length of the gastrocnemius muscle. Nevertheless, both stretching interventions in this study could also have an effect on the length of the soleus muscle that blends with the gastrocnemius muscle to form the Achilles tendon. Future study should also examine the ankle dorsiflexion with knee flexion to assess the effects of the stretching interventions on the soleus tightness.
Conclusion
The results of this study suggest that the simultaneous stretching of the Achilles tendon and plantar fascia might improve pain relief for plantar fasciitis within this short follow-up time period (4 weeks). Patients who reported complete relief from symptoms at the end of the 4-week intervention in the simultaneous stretching group (n = 14; 56%) were double that of the stretching of the Achilles tendon group (n = 7; 28%). In comparison with the stretching of the Achilles tendon by itself, the simultaneous stretching of the Achilles tendon and plantar fascia tended to be superior in the pressure pain threshold and the clinical success in the participants' perspective.
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